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Abstract of EP0762159 

This invention relates to a dispersion-compensating fiber which can be drawn at a lower temperature and 
can further reduce optical transmission loss. This dispersion-compensating fiber comprises a core portion 
containing a high concentration of Ge02 and a cladding portion formed around the outer periphery of the 
core portion. The cladding portion comprises a first cladding containing fluorine or the like as- an index 
reducer, a second cladding having a higher refractive index than that of the first cladding, and a third 
cladding which becomes a glass region substantially noncontributory to propagation of signal light. In 
particular, the third cladding contains a desired impurity such that the glass viscosity thereof becomes 
lower than that of the second cladding or pure silica cladding at a predetermined temperature. 
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(54) Dispersion-compensating fiber and method of fabricating the same 

(57) This invention relates to a dispersion-compen- 
sating fiber which can be drawn at a lower temperature 
and can further reduce optical transmission loss. This 
dispersion-compensating fiber comprises a core portion 
containing a high concentration of Ge02 and a cladding 
portion formed ai-ound the outer periphery of the core 
portion. The cladding portion comprises a first cladding 
containing fluorine or the like as an index reducer, a 
second cladding having a high^ refractive index than 
that of the first cladding, and a third cladding which 
becomes a glass region substantially noncontributory to 
propagation of signal light. In particular, the third clad- 
ding contains a desired impurity such that the glass vis- 
cosity thereof becomes lower than that of the second 
cladding or pure silica cladding at a predetermined tem- 
perature. 
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Description 

BACKGROUNH OF THE INVENTION 

Fj^ldQfthe Invention s 

The present invention relates to a dispersion-com- 
pensating filler which is applicable to an optical trans- 
mission system including an optical fiber designed such 
that zero-dispersion wavelength lies within 1.3-^m 10 
wavelength band and which compensates the disper- 
sion and wavelength dependency of the system with 
respect to light of 1 .5->un wavelength band. 



Related Backnround Art 



IS 



In a optical transmission system including an opti- 
cal fiber designed such that zero-dispersion wavelength 
lies within 1.3-|im wavelength band, as a dispersion- 
compensating fiber for compensating for the dispersion 20 
and wavelength dependency of the system with respect 
to light of 1.5-)im wavelength band, there has conven- 
tionally been known, for example, a dispersion-compen- 
sating fiber having a refractive index profile shown in 
Fig. 1 (Japanese Laid-open Patent Application No. 7- 2S 
261048). This dispersion-conrpensating fiber is mainly 
composed of silica glass (referred to as "Si02 glass" 
hereinafter) and constituted by a core 100 containing a 
high concentration of Ge02: a fluorine-doped first clad- 
ding 200 which Is formed around the outer periphery of so 
the core 100 in dose contact therewith; and a second 
cladding 300 which is a pure silica glass region formed 
around the outer periphery of the first cladding 200 in 
close contact therewith. 

Here, though In different scales, the respective hor- as 
izontal axes of the light intensity distribution and refrac- 
tive index profile of the dispersion-compensating fiber 
shown in Rg. 1 denote the positions on a cross section 
along a line L2 in the drawing which is perpendicular to 
the center axis of the core 100. Accordingly, in the 40 
refractive index profile, regions 101, 201, and 301 
respectively correspond to the region of the core 1 00 on 
the line L2. the region of the first cladding 200 on the 
line L2, and the region of the second cladding 300 on 
the line L2. ^ 

In the conventional dispersion-compensating fiber, 
the respective refractive indices of the core 100, first 
cladding 200, and second cladding 300 are restricted to 
specif ic ranges shown in Rg. 1 , thereby attaining a neg- 
ative dispersion value with respect to light near a wave- so 
length of 1.5 jtm and setting a negative dispersion 
slope. 

SUMMARY OF THE INVENTION 

55 

In general, a dispersion-compensating fiber com- 
prises a core containing a high concentration of Ge02 
so as to increase its refractive index, and a cladding 
containing a predetermined concentration of fluorine so 



as to reduce its refractive index, the cladding being 
formed around the outer periphery of the core in close 
contact therewith. Thus, the refractive indices of these 
regions are individually set so as to relatively increase 
the difference in refractive index between the core and 
the cladding in order to obtain a larger dispersion value. 
In the dispersion-compensating f ber of Fig. 1 , for exam- 
ple, the dispersion value with respect to a predeter- 
mined wavelength is dependent on the depth of a 
depression region A in the refractive index profile shown 
in Fig. 1 . 

On the other hand, when Ge02 is added to a core 
of a fiber preform in a concentration as high as about 1 0 
mol% to 30 mol%, it is desirable that the fiber preform 
be drawn at a lower temperature than that for a common 
optical fiber (containing Ge02 of not greater than 5 
mol%). in the drawing st^ for fabricating the fiber. This 
is due to the fad that, when the drawing is performed at 
a temperature higher than the above-mentioned tem- 
perature, optical transmission loss of the obtained f iber 
increases with Increasing concentration of GeOa 
dopant. 

Here, since the second cladding (outermost region) 
of the above-mentioned conventional dispersion-com- 
pensating fiber is pure silica glass, it usually has to be 
drawn at a temperature as high as 1 ,950'C to 2,000*»C. 
It means that the fiber preform must be drawn at a high 
temperature even at the risk of increasing the loss in 
optical transmission in the core to a certain extent, 
thereby yielding a large obstacle to further reduction of 
optical transmission loss. In the specification, pure silica 
glass means pure glassy Si02. However, these con- 
crete temperatures are relative values and descniaed by 
tiie Applicants just as a reference because these draw- 
ing temperatures can respectively present different val- 
ues, leased on a measurement position, a measurement 
method, or the like. 

In view of the foregoing circumstances, one object 
of the present invention is to provide a dispersion-com- 
pensatir^ Uber which can further reduce optical trans- 
mission loss as compared with the conventional fiber. 

The dispersion-compensating fiber according to the 
present Invention is, for example as shown in Fig. 2, an 
optical waveguide mainly composed of silica glass and 
comprises a core portion 1 containing at least 10 mol% 
of Ge02, and a cladding portion which is formed around 
the outer periphery of tiie core portion 1 and whose 
refractive index is set lower than that of tiie core portion 
1. This cladding portion comprises a first cladding 2 
formed around the outer periphery of the core portion 1 
in close contact therewith, a second cladding 3 formed 
around the outer periphery of the first cladding 2 in 
dose contact therewith, and a third cladding 4 formed 
around the outer periphery of tiie second cladding 3 in 
dose contact therewith. In particular, tiie third dadding 
4 is a glass region containing an impurity for contiolling 
glass viscosity at a predetermined temperature (e.g., 
temperature at the time of drawing). Specific examples 
of impurities for controlling glass viscosity indude f luo- 
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fine (F). chlorine (CI), germanium (Ge), phosphorus (P), 
boron (B). or the like. Fig. 3 shows the relationship 
between dopant addition of typical impurities and their 
resulting glass viscosity at 1 ,500'C. 

Here, in the dispersion-compensating fiber, a pre- 
determined amount of inpurity for reducing refractive 
Index such as fluorine or boron is added, at least, to the 
first cladding 2 so as to set the respective refractive indi- 
ces of the core portion 1 and first cladding 2 such that 
the difference in refractive index between these glass 
regions is relatively increased. Thus, as the concentra- 
tion of the doped inpurity is controlled {see Fig. 4) so as 
to set a sufficient difference in refractive index between 
the core portion 1 and the first cladding 2, the dispersion 
value of the dispersion-compensating fiber can be set 
negative while the dispersion slope can be set negative. 
Also, this dispersion-compensating fiber is an optical 
waveguide satisfying a predetermined single-mode 
condition, in which the outer diameter of the core por- 
tion 1 and the outer diameter of the first cladding 2 are 
respectively set to 2 to 4 jim and 4 to 20 ^m. 

In such a single-mode dispersion-compensating 
fiber, light traveling therethrough also spreads over a 
glass region (a part of the cladding portion) near the 
core portion 1 . Since such spread of light over the fiber 
diameter direction (direction perpendicular to the 
traveling direction of light) decreases exponentially, 
there is a region in the outer periphery of the cladding 
portion where light is hardly propagated therethrough. 
The cladding located at such a region is also known as 
physical cladding or jacket layer, since it is mainly a 
glass region for securing physical strength. The third 
cladding 4 corresponds to the physical cladding. On the 
other hand, the glass region which is located Inside of 
the physical cladding and through which light travels is 
also known as optica! cladding. The first and second 
claddings 2 and 3 correspond to the optical cladding. 

In the dispersion-compensating fiber according to 
the present Invention, as mentioned above, an inpurity 
for controlling glass viscosity such as fluorine or chlo- 
rine is added to the tiiird cladding 4. which con-esponds 
to a physical cladding substantially noncontributory to 
traveling of optical signals, tiiereby controlling the glass 
viscosity of the third cladding 4 at a predetermined tem- 
perature at tiie time of drawing. As the tiiird cladding 4 
whose glass viscosity at a predetermined temperature 
has been contrc^led is formed as a physical cladding, 
the ratio of tiie optical cladding having a high glass vis- 
cosity at the predetermined temperature in the whole 
cross-sectional area (area of a plane perpendicular to 
the light traveling direction) decreases. Accordingly, 
when drawing is performed, drawing can be performed 
at a lower temperature. 

Specifically, the dispersion-compensating fiber 
according to the present Invention comprises the core 
portion 1 containing about 10 rr^\% to 30 mol% of Ge02 
ar^J having an outer diameter of 2 to 4 jim. The cladding 
portion formed around the outer periphery of the core 
portion 1 conprises the first cladding 2 (constituting a 



part of tiie optical cladding) which is a glass region 
doped with fluorine or tiie like as an index reducer for 
reducing the refractive index thereof and having an 
outer diameter of 4 to 20 ^m; the second cladding 3 
5 (constituting the optical cladding together with the first 
dadding 2) formed around the outer periphery of the 
first cladding 2 in dose contact therewitii; and the third 
dadding 4 (constituting the physical cladding) which is 
formed around the outer periphery of tiie second clad- 
10 ding 3 in dose contact therewith as a glass region hav- 
ing a glass viscosity lower than that of the second 
dadding at the time of drawing and having an outer 
diameter of 80 to 150 \im. In particular, in the disper- 
sion-compensating fber. the difference in refractive 
t5 index between tiie first dadding 2 and the second clad- 
ding 3 is controlled by adjusting amount of fluorine or 
tiie like added to tiie first cladding 2 is controlled, with- 
out the refractive index of the second dadding 3 being 
controlled. Also, glass viscosity control of the disper- 
se sion-compensating fiber is performed at the tiiird clad- 
ding 4 such that the glass viscosity of tiie third cladding 
4 at a predetermined temperature is lower tiian that of 
tiie second dadding 3. 

The inventors have confirmed that a desired optical 
25 waveguide product can be obtained when the third clad- 
ding 4 contains 1 wt% to 2 wt% of fluorine or 0.25 wt% 
to 1 wt% of chlorine. 

Further, it is preferable that tiie second cladding 3 is 
doped witii an impurity for controlling glass viscosity 
30 thereof. Specifically, the cladding portion of tiie disper- 
sion-compensating fiber comprises the first cladding 2 
(constituting a part of tiie optical cladding) which is a 
glass region having an outer diameter of 4 to 20 |im and 
is doped with fluorine or the like so as to control the 
35 refractive index tiiereof ; tiie second cladding 3 (consti- 
tuting the optical cladding together witti the first cladding 
2) which is formed around the first cladding 2 in close 
contact therewith and has a glass viscosity lower than 
tiiat of pure silica glass (pure glassy Si02) at a predeter- 
40 mined temperature; and the third daddirtg 4 (constitut- 
ing tiie physical cladding) which Is formed around tiie 
second cladding 3 in close contact therewith as a glass 
region having a glass viscosity lower than that of pure 
silica glass at a predetermined temperature and having 
45 an outer diameter of 80 to 1 50 )im. 

Consequently, tiie dispersion-compensating fiber 
may be characterized in that tiie second cladding 3 is 
also doped with an impurity for reducing tiie glass vis- 
cosity of the second dadding 3 at a predetermined tem- 
50 perature (e.g., temperature at the time of drawing). This 
feature is adopted in view of the fact that, in the case 
where the second dadding 3 is pure silica glass, a 
change in refractive index of tiiis glass region (decrease 
in refractive index due to residual stress) occurs when 
55 drawing tension concentrates too nrtuch on the second 
dadding 3 which has a glass viscosity higher ttian that 
of the third cladding 4. 

Preferably, in this case, the impurity contained in 
the second cladding 3 is a material such as chlorine or 
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the like which inaeases refractive index of the third 
cladding . When the refractive index of the first cladding 
2 is reduced while that of the second dadding 3 is 
increased so as to control the difference in refractive 
index between the first and second claddings 2 and 3, 
the depression region A (region defined by the respec- 
tive refractive index profiles of the region 10 corre- 
sponding to the core portion 1. the region 20 
corresponding to the first cladding 2. and the region 30 
corresporKling to the second cladding 3) can be made 
deeper. Also, when the refractive index profile is control- 
led in this nnanner. the dispersion characteristic of the 
dispersion-compensating fiber can be further improved 
(a sufficient negative dispersion value is obtained while 
the absolute value of dispersion slope is increased). 

In this dispersion-compensating fiber, the control of 
difference in refractive index between thef irst dadding 2 
and the second dadding 3 (control of depth of the 
depression region A in the refractive index profile of Fig. 
2) is performed by adjusting the amount of fluorine or 
the like as an index reducer for the first cladding 2 and 
the amount of chlorine or the like added to the second 
cladding 3. Though technical difficulty generally 
becomes greater as the amount of dopant such as fluo- 
rine increases, a sufficient difference in refractive index 
(for obtaining a large dispersion value) can be easily 
obtained between the first and second daddings 2 and 
3 when the second cladding 3 is doped with a predeter- 
mined amount chlorine or the like so as to increase the 
refractive index thereof. Also, glass viscosity control of 
this dispersion-compensating fiber Is performed to the 
second and third claddings 2 and 3 such that the glass 
viscosity of each of the second and third daddings 3 
and 4 at a predetermined temperature is lower than that 
of pure silica glass. Namely, the second dadding 3 con- 
tains 0.25 wt% to 1 wt% of chlorine, thereby realizing 
both refractive index control and glass viscosity control. 
Also, in the dispersion-compensating fiber having the 
above structure, the inventors have confirmed that a 
desired optical waveguide product can be obtained 
when the third cladding contains 0. 1 wt% to 2 wt% of flu- 
orine or 0.25 wt% to 1 wt% of chlorine. 

Here, as the impurity for controlling glass viscosity 
of the third dadding 4, an impurity identical to the impu- 
rity added to the second dadding 3 such as chlorine for 
increasing refractive Index while redudng glass viscos- 
ity at a predetermined temperature may be selected, 
and thus selected identical impurity may be added to 
the third cladding 4 with an amount of dqpant similar to 
that added to the second cladding 3, whereby the fabri- 
cating process can be simplified. 

Also, desirably in the dispersion-compensating f ber 
according to the present Invention, a fiber preform which 
has been prepared beforehand is drawn with a tension 
of 5 to 16 kg/mn^. In this case, a dispersion-compen- 
sating fiber having a low optical transmission loss, 
which overcomes the above-mentioned problem, is 
obtained. 

Also, desirably in practice, the dispersion-compen- 



sating fiber according to the present invention has a tow 
optical transmission loss of 1 dB/km or tower with 
respect to light of 1 .55-jim wavelength band. 

Furth^, when the dispersion-conr^ensating fiber 

5 according to the present invention has a dispersion 
value set to -50 ps/km/hm or lower and a dispersion 
slope set negative with respect to tight of 1 .55-)un wave- 
length band, it can effectively compensate for the dis- 
persion and wavelength dependency of the optical 

10 transmission system induding an optical fiber designed 
such that zero-dispersion wavelength ties within 1.3-|im 
wavelength band fiber. 

The present invention will become more fully under- 
stood from the detailed description given hereinb^ow 

IS and the accompanying drawings which are given by way 
of illustration only, and thus are not to be considered as 
limiting the present invention. 

Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 

20 given hereinafter. However, it should be understood that 
the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are 
given by way of illustration only, since various changes 
and modifications within the spirit and scope of the 

25 invention will become apparent to those skilled in the art 
from this detailed description. 
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Fig. 1 is a view showing a cross-sectional structure 
of a conventional dispersion-compensating fiber 
and a refractive index profile corresponding thereto; 
Fig. 2 is a view showing a cross-sectional structure 
of the dispersion-compensating fiber according to 
the present invention, a light intensity distribution 
corresponding thereto, and a refractive index profile 
corresponding thereto; 

Fig. 3 is a graph showing tiie relationship between 
dopant addition of typical impurities for controlling 
refractive index of silica glass and their resulting 
glass viscosity at a predetermined temperature; 
Fig. 4 is a graph showing the relationship between 
the dopant addition (wt%) of fluorine added to silica 
glass and the resulting relative Index difference (%) 
with respect to pure silica glass; 
Rg. 5 is a view showing a refractive index profile 
and a light Intensity distribution oon'esponding 
thereto in reference to calculation of the outer diam- 
eter of the second cladding; 
Fig. 6 is a chart showing configurations and various 
characteristics of dispersion-compensating fiber 
samples (in tiie case where A* = 2.5%); 
Rg. 7 is a chart showing configurations and various 
characteristics of dispersion-compensating fiber 
samples (in tiie case where A* 2.1%); 
Rg. 8 is a process chart showing a part of a proc- 
ess for fabricating tiie dispersion-compensating 
fiber according to the present invention; 
Rg. 9 is a view showing a f iber preform obtained by 
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way of the step shown In Fig. 8; 
Rg. 10 is a chart showing a refractive index prof Be 
of a first embodiment of the dispersion-compensat- 
ing fber according to the present invention; 
Rg. 1 1 is a graph showing the relationship between s 

(relative index difference of the third cladding 
with respect to pure silica glass) and optical trans- 
mission loss In dispersion-compensating fiber sam- 
ples of tiie first embodiment fabricated in a first 
experiment, wherein tiie dispersion characteristic of io 
each dispersion-compensating fiber sample with 
respect to light having a wavelength of 1 .55 nm Is 
such that the dispersion value is -144 ps/km/nm 
and the dispersion slope is -0.45 ps/km/nm^; 
Fig. 1 2 is a graph showing tiie relationship between is 
AJ (relative index difference of the third cladding 
with respect to pure silica glass) and optical trans- 
mission loss in dispersion-compensating fiber sanv 
pies of tiie first embodiment fabricated in a second 
experiment, wherein tiie dispersion characteristic of 20 
each dispersion-compensating fiber sample with 
respect to light having a wavelength of 1.55 ^m is 
such that the dispersion value Is -100 ps/km/nm 
and the dispersion slope Is -0.2 ps/km/hm^; 
Fig. 1 3 is a graph showing the relationship between 25 
AJ (relative index difference of the third cladding 
with respect to pure silica glass) and optical ti'ans- 
mission loss in dispersion-compensating fiber sam- 
ples of tiie first embodiment fabricated in a third 
experiment, wherein the dispersion characteristic of 30 
each dispersion-compensating fiber sartple with 
respect to light having a wavelength of 1.55 (im is 
such that the dispersion value is -85 ps/km/nm and 
the dispersion slope is -0.2 ps/km/nm^; 
Fig. 1 4 is a graph showing the relationship between 35 
the drawing tension at tiie time of fabricating and 
the resulting optical transmission loss in the disper- 
sion-compensating fiber fabricated In the first 
experiment (a fourth experiment); 
Fig. 1 5 is a graph showing tiie general relationship 40 
between drawing tension and drawing temperature 
in tiie case where drawing vdodty is constant at the 
time of drawing; 

Rg. 16 Is a chart showing a refractive index profile 
of a second embodiment of the dispersion-compen- as 
sating fiber according to the present invention; 
Fig. 17 is a chart showing a refractive Index profile 
of a tiiird embodiment of tiie dispersion-compensat- 
ing fber according to ttie present invention; 
Fig. 18 is a chart showing a refractive index profile so 
of a fourth embodiment of the dispersion-compen- 
sating fiber according to the present invention; and 
Fig. 19 is a graph showing the relationship between 
AJ (relative index difference of the third cladding 
witii respect to pure silica glass) and optical trans- ss 
mission toss in the dispersion-compensating fiber 
samples of a fourth embodiment. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MgNTS 

In the following, individual en^xxiiments of tiie dis- 
persion-compensating fiber according to the present 
invention will be explained witti reference to Figs. 2 to 
19. 

Rg. 2 Is a view showing a cross-sectional structure 
of the dispersion-compensating fiber according to the 
present invention, its light intensity distribution in tiie 
fiber diameter direction (direction indicated by a line LI ). 
and its refractive index profile in the fiber diameter direc- 
tion. Here, though In different scales, tiie respective hor- 
izontal axes of the tight intensity distribution and 
refractive index profile of tiie dispersion-compensating 
fiber shown In Rg. 2 denote tiie positions on a cross 
section along the tine L1 in the drawing which is perpen- 
dicular to the center axis of a core portion 1. Accord- 
ingly, in tiie refractive index profile, regions 10, 20, 30, 
and 40 respectively correspond to the region of the core 
portion 1 (referred to as "core" hereinafter) on tiie line 
LI, the region of a first cladding 2 on the line LI, the 
region of a second cladding 30 on the line LI , and the 
region of a tiiird cladding 4 on the line LI . Mso, the ver- 
tical axis of the refractive index profile in the figure indi- 
cates the relative index difference with reference to pure 
silica glass. 

The dispersion-compensating fiber according to the 
present invention is an optical waveguide mainly com- 
posed of silica glass (refen^ed to as "SiOa glass" herein- 
after). The core 1 positioned at tiie center contains a 
high concentration (about 1 0 mot% to 30 mol% or. more 
preferably, about 20 mol% to 25 mol%) of GeOa. 
whereby its refractive index is controlled so as to 
become high. The first cladding 2 is doped with fluorine 
as an index reducer so as to reduce the refractive index, 
and is disposed outside of the core 1, whereby a large 
difference in refractive index is okstained therebetween. 
Also, the second cladding 3 (comprised of pure silica 
glass or Si02 glass doped witii an Impurity for reducing 
glass viscosity) is formed outside of the first cladding 2. 
As depicted, the tight traveling through tiiis fiber spreads 
over tiie inside of the second cladding 3 around the core 
1 . Accordingly, the region outside of the second clad- 
ding 3 is a glass region which suk>stantially does not 
contribute to propagation of signal light. In tiie disper- 
sion-compensating fiber according to tiie present inven- 
tion, this glass region (tiiird cladding 4) is doped with a 
predetermined amount of fluorine, thereby attaining a 
glass viscosity tower than ttiat of pure silica glass at a 
predetermined temperature. 

Here, reference marks in the refractive index profile 
in Rg. 2 will be explained. In this refractive index profile, 
2a. 2b. and 2c respectively indicate the outer diameter 
(core diameter) of tiie core 1 . the outer diameter of tiie 
first cladding 2. and tiie outer diameter of the second 
cladding 3. Also. A Indicates the relative index difference 
with reference to pure silica glass as follows: 
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A* =(ni-no)/no 
A'o(n2-no)/nQ 
AP = (n3-no)/no 
AJ = (n4-n o)/no 



wherein Rq is the refractive index of pure silica glass 
(pure glassy Si02). nt is the refractive index of the core io 
1. na is the refractive index of the first cladding 2, is 
the refractive index of the second cladding 3. and n4 is 
the refractive index of the third cladding 4. Therefore, a 
negative A of a predetermined glass region means that 
the refractive index of the region is set lower than that of is 
pure silica glass. 

in the following, the method for determining the 
outer diameter of the second cladding 3 will be 
explained. As mentioned above, in a single-mode opti- 
cal fiber, the intensity distribution of propagated light not 20 
only exists in the core 1 but also spreads over the clad- 
ding portion nearby (see Fig. 2). Roughly speaking, light 
travels while spreading around the core 1 over a range 
which is about five to six times that of the mode field 
diameter (MFD). Accordingly, even when fluorine or the 2s 
like is added to the glass region (corresponding to phys- 
ical cladding) positioned outside of the glass region 
(corresponding to optical cladding) through which the 
light travels, thereby changing the refractive index of the 
former region, the optical characteristics of the optical so 
fiber are not at all influenced thereby 

The outer diameter of the second cladding 3 is 
determined more strictly in view of the intensity distribu- 
tion of the light traveling through the fiber. As shown in 
Fig. 5. assuming that the center of the core 1 is origin a 35 
the distance from the center q of the core 1 to the outer 
diameter of the second cladding 3 is a» the light intensity 
between q and a in the optical fiber cross section is P©. 
a, and the whole light intensity is 1; their relationship is 
expressed as: 

P^^ = 1-exp(-2a%^) 

wherein © is the mode f ieW diameter oif the fiber. When 
the value of a at which 1 -P o-a = «xp(-2a /cd ) 45 
becomes small enough to be negligible is determined, 
the light intensity at the position of thus determined dis- 
tance a.can be considered substantially zero. 

Here, calculations were performed assuming that 
the value of 1 -Po-a took three kinds of values, i.e.. 10* . so 
10 "*°. and 10'^. The results of calculation are shown in 
tables of Figs. 6 and 7. 

Specifically. Fig. 6 shows the results of calculation 
of sample Nos. 1 to 6 where A* is set to 2.5%. whereas 
Fig. 7 shows the results of calculation of sample Nos. 1 ss 
to 7 where A* is set to 2.1%. In this calculation, with 
respect to the outer diameter of the core 1 (2a in the 
refractive index profile shown in Fig. 2) and the outer 
diameter of the first cladding 2 (2b in the refractive index 



profile shown in Rg. 2). the outer diameters of their cor- 
responding various Wnds of the second cladding 3 (2c in 
the refractive index profile shown in Fig. 2) were deter- 
mined. Here, these tables also shew the dispersion 
characteristics (dispersion value and dispersion slope 
value) calculated by a finite element method. 

The outer diameters of the core 1 shown in Figs. 6 
and 7 are within a range (2 to 4 jim) of the core diameter 
which is suitable for the dispersion-compensating fiber. 
The core diameter smaller than the lower limit of this 
range is undesirable since bending loss off the fiber 
becomes greater. By contrast, when the core diameter 
is larger than the upper limit of this range, the absolute 
value of dispersion slope becomes small, whereby the 
fiber does not effectively function as the dispersion- 
compensating fiber. 

At the glass region outside of thus defined outer 
diameter of the second cladding 3. disposed is the third 
cladding 4 (also known as jacket layer) doped with an 
impurity such as fluorine, chlorine, germanium, phos- 
phorus, or boron which is used for lowering the glass 
viscosity of SiOa glass, i.e.. the main ingredient thereof, 
at a predetermined temperature. Fig. 3 shows the rela- 
tionship between dopant addition of typical impurities 
for controlling refractive index of silica glass and their 
resulting glass viscosity at 1.500 *C, and unit of the 



glass viscosity of the vertical axis is poise (symbol: P, 
10P« 1 N*s/m^). 

Here, though the above-mentioned calculation is 
performed while l-Po-a is assumed to be three kinds of 
values 10'^. ^0'^. and 10'^° in order to determine a 
cladding region which does not influence the transmis- 
sion characteristic; magnitudes of these values are 
within the scope of a design matter and may be appro- 
priately selected according to characteristics of the fiber 
and the like. In the following embodiments, the disper- 
sion-compensating fiber is designed under a condition 
where l-Po-a = "^^'^ ®® ® which does not at all 
influence the transmission characteristic. 

Also, any optical fiber satisfying the conditions 
shown in Figs. 6 and 7 has a negative dispersion slope 
and a dispersion value of about -50 ps/km/nm or lower, 
whereby it can effectively function as a dispersion-com- 
pensating fiber. 

In the following, a process for fabricating the disper- 
sion-compensating fiber according to the present inven- 
tion will be explained with reference to Fig. 8, In the 
fabricating process explained hereinafter, an impurity 
for controlling refractive index such as fluorine was used 
as an impurity for reducing the glass viscosity of the 
Si02 glass at a predetermined temperature and. while 
its ratio of doping amount was changed, dispersion- 
compensating fibers were fabricated. This fabricating 
process was performed according to a VAD method. 

First, as shown In Fig. 8. while the doping amount of 
GeOa in SiOa glass is adjusted such that the refractive 
index decreases by the second to f ifth power of the dis- 
tance or stepwise from its center to the periphery, a 
cylindrical core member 11 having a refractive index n^ 
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is manufactured. Subsequently, fluorine is uniformly 
added to Si02 giass so as to manufacture a first clad- 
ding member 21 having a retractive index reduced to ng, 
and a hole 210 is formed at the center of thus obtained 
first cladding member 21 along the axis AX shown in 
Fig. a Then, into the hole 210 formed in the first clad- 
ding menftoer 21 . the core member 1 1 obtained before- 
hand is inserted. Further, a cylindrical second cladding 
member 31 mainly composed of SiOa glass having a 
refractive index of is manufactured, and a hole 310 is 
formed at the center thereof along the axis Ax. Though 
ng = no in the case where the second cladding member 
31 is pure silica glass (first and second embodiments 
explained later), an impurity for controlling refractive 
index may also be added to the second cladding mem- 
ber 31 (third and fourth endbodiments explained later). 
Into the hole 310 formed in the second cladding mem- 
ber 31. inserted are the core member 11 and the first 
cladding member 21 which have been united together 
into a cylindrical form beforehand. Further, fluorine is 
uniformly added to Si02 glass so as to reduce the glass 
viscosity thereof, thereby manufacturing a cylindrical 
thiid cladding mentf^er 41 with a refractive index of n4. 
and a hole 410 is formed at the center thereof along the 
axis AX. Then, the core mentber 11. the first cladding 
member 21, and the second cladding member 31, 
which have been united together beforehand, are 
inserted into the hole 410 and heated to form an optical 
fiber preform (see Rg. 9). Thereafter, the obtained fiber 
preffomfi is drawn to fabricate a single-mode dispersion- 
compensating fiber having an outer diameter of 1 25 (im. 
The drawing step for thus obtained fiber preform is dis- 
closed, for example, in U.S.Patent No. 4,123.242. 

First embodiment 

In the following, a first embodiment of the disper- 
sion-compensating fiber according to the present inven- 
tion will be explained with reference to Rg. 10. Here. 
Fig. 10 is a chart showing the refractive index profile of 
the first embodiment, in which regions 10a, 20a. 30a. 
and 40a respectively con-espond to the regions 10, 20. 
30. and 40 in Rg. 2. Accordingly, the horizontal axis of 
the refractive index profile shown in Fig. 10 denotes the 
positions on the line LI in the fiber cross section of Fig. 
2. Also, the vertical axis of the refractive index profile 
indicates the relative index difference with reference to 
pure silica glass. 

The core 1 and the first to third claddings 2 to 4 in 
this embodiment are designed as follows: 



Third cladding 4: 



TO 



SiOa glass containing a predeter- 
mined amount of fluorine (vwth 
reduced refractive index), 
whereby the glass viscosity at the 
time of drawing is controlled so as 
to be lower than that of the sec- 
ond cfadding 3. 



Rrst experiment of first entiaodiment 



Corel: 



First cladding 2: 



Second cfadding 3: 



Si02 glass containing a predeter- 
mined amount of Ge02 (with 
increased refractive Index). 
Si02 glass containing a predeter- 
mined amount of fluorine (with 
reduced refractive index). 
Pure silica glass (pure glassy 
SiOg). 



The inventors prepared dispersion^mpensating 
ftoers having the structure of the above-mentioned first 
embodiment (Fig. 10) under the following conditions. 
Specifically, a plurality of kinds of fiber preforms were 
IS prepared under the condition where A* = 2.9%. A* « - 
0.36%. and AP = 0%, while the value of AJ was changed 
among 0%. -0.1%, -0.3%. -0.4%. -0.6%. and -0.7%. 
Then, with a tension of 9.8 kgAnrn^ at the time of draw- 
ing, each fiber preform was drawn with a consfant draw- 
ee ing velocity, thereby fabricating a dispersion- 
compensating fiber in which 2a = 2.25 ^im. 2b = 7.5 jim, 
and 2c - 39 jun. With respect to light having a wave- 
length of 1.55 |im. each of thus obtained dispersion- 
compensating fibers exhibited a dispersion characteris- 
25 tic such that the dispersion value was -144 ps/knrVhm 
and the dispersion slope was -0.45 ps/km/nm^. 

Rg. 1 1 shows results of measurement of optical 
transmission loss with respect to light having a wave- 
length of 1 .55 jun for the respective dispersion-compen- 
30 sating fibers having the above-mentioned AJ values. 

In the graph shown in Fig, 1 1 . the conventional dis- 
persion-compensating fiber (AJ s 0%: the third cladding 
being pure silica glass) doped with no fluorine was 
drawn at a higher temperature of about 2.000*'C, since 
35 its glass viscosity is high. On the other hand, the draw- 
ing temperature is about 1 .840'C when AJ = -0.4% and 
about 1,820^C when AJ = -0.7% (concentration of fluo- 
rine being 2 wt%). Thus, the drawing temperature tends 
to decrease as the ratio of the doping amount of fluorine 
40 in the third cladding 4 Is greater (as the relative index 
difference AJ decreases). This is due to the fact that the 
glass viscosity of the third cladding 4 at the time of 
drawing becomes further lower than that of pure silica 
glass (second cladding 3) as the ratio of doping amount 
45 of fluorine increases. Accordingly, when such a third 
cladding 4 is provided, drawing can be performed at a 
temperature lower than that at the time of fabricating the 
conventional dispersion-compensating fiber, thereby 
reducing optical transmission loss. 
so Here. Fig. 4 shows the relationship between the 
dopant addition (wt%) of fluorine in Si02 glass and the 
resulting relative index difference (%) with respect to 
pure silica glass. 

55 Second experiment of f irst embodiment 

Further, the inventors prepared dispersion-com- 
pensating fibers having the structure of the above-men- 
tioned first embodiment (Fig. 10) under the following 
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conditions. SpecHicallyp a plurality of kinds of fiber pre- 
forms were prepared under the condition where A* = 
2.6%. A' = -0.35%. and AP = 0%, while the value of AJ 
was changed among 0%, -0.1%. - 0.3%. -0.5%. -0.$%, 
and -0.7%. Then, with a tension of 9.8 kg/mm^ ^^e 
time of drawing, each fiber preform was drawn with a 
constant drawing velocity, ther^y fabricating a disper- 
sion-compensating fiber in which 2a » 2.6 )im. 2b = 8.8 
|im. and 2c = 46 (im. With respect to light having a 
wavelength of 1.55 t^m, each of thus obtained disper- 
sion-compensating fiber exhibited a dispersion charac- 
teristic such that the dispersion value was -100 
ps/km/nm and the dispersion slope was - 0.2 
ps/knVnm^. 

Fig. 12 shows results of measurement of optical 
transmission loss with respect to light having a wave- 
length of 1 .55 Jim for the respective dispersion-compen- 
sating fibers having the above-mentioned AJ values. 

In this case (see Fig. 12). as in the case of the first 
experiment mentioned above, it is seen that the optical 
transmission loss decreases as the ratio of the doping 
amount of fluorine in the third cladding 4 is greater (as 
the relative index difference AJ decreases). 

Third experiment of first embodiment 

Further, the inventors prepared dispersion-com- 
pensating fibers having the structure of the above-men- 
tioned first embodiment (Fig. 10) under the following 
conditions. Specifically, a plurality of kinds of fiber pre- 
forms were prepared under the condition where A* = 
2%. A' = -0.35%. and AP = 0%. while the value of AJ 
was changed among 0%, -0.1%, -0.2%. - 0.3%, -0.5%, 
-0.6%. and -0.7%. Then, with a tension of 9.8 kg/mm^ at 
the time of drawing, each fiber preform was drawn with 
a constant drawing velocity, thereby fabricating a disper- 
sion-compensating fiber in which 2a = 3 |xm, 2b = 10 
\ur\, and 2c » 53 With respect to light having a 
wavelength of 1.55 ^m, each dispersion-compensating 
f iber thus obtained exhibited a dispersion characteristic 
such that the dispersion value was -85 ps/km/hm arKl 
the dispersion slope was -0.2 ps/km/nm^. 

Fig. 13 shows results of measurement of optical 
transmission loss with respect to light having a wave- 
length of 1 .55 Jim for the respective dispersion-compen- 
sating fibers having the above-mentioned AJ values. 

In this case (see Rg. 13), as in the case of the first 
and second experiments mentioned above, it is seen 
that the optical transmission loss deaeases as the ratio 
of the doping amount of fluorine in the third cladding 4 is 
greater (as the relative index difference AJ decreases). 

Fourth experiment of first embodiment 



merit in all the values except for the condition of AJ = - 
0.35% was used, and drawing was performed with a 
variety of tension values at the time of drawing, thereby 
fabricating dispersion-compensating fibers. Here. Rg. 

5 1 4 is a graph showing results of measurement of optical 
transmission loss with respect to light having a wave- 
length of 1.55 Jim for the dispersion-compensating fib- 
ers obtained at the respective drawing tension values. 
From the graph shown in Rg. 14. it is seen that the 

10 optical transmission loss decreases as the tension at 
the time of drawing increases. When drawn with a large 
tension exceeding 1 6 kg/mm^. the optical fiber was bro- 
ken. Also, while it is desirable, as a matter of course, 
that the optical transmission loss be as low as possible. 

IS it is desirably a value lower than 1.0 dB/km in practice. 
In view of these points, it is desirable for the fiber pre- 
fbnn to be drawn with a tension of at least 4 kg/mm^ or. 
more preferably, not smaller than 5 kg/mm? but not 
exceeding 16 kg/mm^ applied thereto. 

20 For reference. Fig. 15 shows a general relationship 
between drawing temperature and drawing tension in 
the case where drawing velocity v is constantly held at 
100 m/min. The formation of the subject fiber preform is 
identical to that of the first experiment (AJ o -0.35%). 

25 Since this relationship greatly fluctuates according to 
the outer diameter of frie fiber preform, the inner diame- 
ter of the furnace, atmosphere, and the like, the graph 
may be translated up and down on the order of several 
tens of *'C depending on these conditions. Here, the 

30 relationship between drawing tension and drawing tem- 
perature shown in Fig. 15 is indicated regardless of the 
present invention, without suggesting any condition for 
fabricating the dispersion-compensating fiber according 
to the present invention. 

35 

Second embodiment 

In the following, a second embodiment of the dis- 
persion-compensating fiber acconJing to the present 

40 invention will be explained with reference to Fig. 16. 
Here. Fig. 16 is a chart showing the refractive index pro- 
file of the second emlxxJiment, in which regions 10b. 
20b, 30b, and 40b respectively correspond to the 
regions 10. 20. 30. and 40 in Fig. 2. Accordingly, the 

45 horizontal axis of the refractive index profile shown in 
Fig. 16 denotes the positions on the line L1 in the fiber 
aoss section of Fig. 2. Also, the vertical axis of the 
refractive index profile indicates the relative index differ- 
ence with reference to pure.silica glass. 

50 TTie core 1 and the first to third claddings 2 to 4 in 
this embodiment are designed as follows: 



In the following, the results of actual measurement ss 
of the relationship between the drawing tension and the 
optical transmission loss of the resulting dispersion- 
compensating fiber will be explained. In this experiment, 
the preform identical to that prepared in the first experi- 



Core 1: 



First cladding 2: 



Second cladding 3: 



Si02 glass containing a predeter- 
mined amount of GeOa (with 
increased refractive index). 
Si02 glass containing a predeter- 
mined amount of fluorine (with 
reduced refractive index). 
Pure silica glass (pure glassy 
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SiOa). 

Third cladding 4: SiOg glass containing a predeter- 
mined amount of chlorine {with 
increased refractive index), 
whereby the glass viscosity at tfie 
time of drawing is controlled so as 
to be lower than that of the sec- 
ond cladding 3. 

The second embodiment structurally differs from 
the above-mentioned the first embodiment in terms of 
the impurity added to the third cladding 4, Also, in this 
structure, glass viscosity at the time of drawing can be 
reduced. 

The inventors prepared dispersion-compensating 
fibers having the structure of the second embodiment 
(Fig. 16) under the following conditions. Specifically, a 
plurality of kinds of fiber preforms were prepared under 
the condition where A* = 2.1%. A' = - 0.35%. and AP = 
0%, while the value of AJ was changed among 0%, 
0.03%, 0.08%. and 0.12%. Then, with a tension of 9.8 
kg/mm^ at the time of drawing, each fiber preform was 
drawn with a constant drawing velocity, thereby fabricat- 
ing a dispersion-compensating fiber in which 2a = 2.75 
2b = 7.9 Jim, and 2c = 47 jtm. With respect to light 
having a wavelength of 1 .55 ^m, each of thus obtained 
dispersion-compensating fibers exhibited a dispersion 
characteristic such that the dispersion value was -85 
ps/km/nm and the dispersion slope was -0.2 
ps/km/nm^. 

Third embodiment 

In ttie following, a third embodiment of the disper- 
sion-compensating fiber according to the present inven- 
tion will be explained with reference to Fig. 17. Here, 
Fig. 17 is a chart shewing the refractive index profile of 
the third embodiment, in which regions 10c. 20c. 30c. 
and 40c respectively correspond to the regions 10, 20. 
30. and 40 in Fig. 2. Accordingly, the horizontal axis of 
the refractive index profile shown in Fig. 17 denotes the 
positions on the line LI in the fiber cross section of Fig. 
2. Also, the vertical axis of the refractive index profile 
indicates the relative index difference with reference to 
pure silica glass. 

The core 1 and the first to third claddings 2 to 4 in 
this embodiment are designed as fbllcfws: 

Core 1 : SiOa glass containing a predeter- 

mined amount of Ge02 (with 
increased refractive index). 

First cladding 2: SiOa glass containing a predeter- 
mined amount of fluorine (with 
reduced refractive index). 

Second cladding 3: Si02 glass containing a predeter- 
mined amount of chlorine (with 
increased refractive index), 
whereby the glass viscosity at the 
time of drawing is controlled so as 



to be lower than that of pure silica 
glass. 

Third cladding 4: SiOa glass containing a predeter- 
mined amount of fluorine (with 
5 reduced refractive index), 

whereby the glass viscosity at the 
time of drawing is controlled so as 
to be lower than that of pure silica 
glass. 

10 

The third embodiment structurally differs from the 
above-mentioned the first embodiment in that chlorine 
is added to the second cladding 3. Also, in this struc- 
ture, the glass viscosity at the time of drawing can be 
75 lowered. In the case where the second cladding 3 is 
pure silica glass (the first and second embodiments), 
when the drawing tension concentrates too much on the 
second cladding 3, which has a glass viscosity higher 
than that of the thlrcJ cladding 4. at the time of drawing. 
20 it may result in a change in refractive index (decrease in 
refractive index due to residual stress) in this glass 
region. The configuration of the third emtxxliment over- 
comes this problem. Also, a material such as chlorine 
which increases refractive index is selected as the 
25 impurity to be added to the second cladding 3. in order 
to lower the refractive index off the first cladding 2 while 
increasing the refractive index of the second cladding 3, 
thereby controlling the difference in refractive index 
between the first and second claddings 2 and 3 so as to 
30 deepen the depression region A (region defined by the 
respective refractive index profiles of the region 1 0c cor- 
responding to the core portion 1 of Fig. 2. the region 20c 
corresponding to the first dadding 2 of Fig. 2. and the 
region 30c corresponding to the second cladding 3 of 
35 Fig. 2). Also, as the refractive index profile is controlled 
in this manner, the dispersion characteristic of the dis- 
persion-compensating fiber can be further improved 
(the absolute value of the dispersion slope can be 
increased while a sufficient negative dispersion value is 
40 Obtained). 

The inventors prepared dispersion-compensating 
fibers having the structure of the third embodiment (Rg. 
17) under the following conditions. Specifically, a plural- 
ity of kinds of ftoer preform were prepared under the 
45 condition where A+ = 2.1%, A" = - 0.35%, and AP = 
0.08%. while the value of AJ was changed among 0%. - 
0.04%, -0.1%, -0.2%. -0,35%. -0.5%. and -0.7%. Then, 
with a tension of 9.8 kg/mmf^ at the time of drawing, 
each fiber preform was drawn with, a constant drawing 
50 velocity, thereby fabricating a dispersion-compensating 
fiber in which 2a = 2.8 jim, 2b = 8 jjun, and 2c = 46 jim. 
With respect to light having a wavelength of 1.55 \ur\, 
each of thus obtained dispersion-compensating fibers 
exhibited a dispersion characteristic such that the dis- 
55 persion value was -101 ps/km/nm and the dispersion 
slope was -0.25 ps/km/nm^. 
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Fourth embodiment 

In the follcjwing. a fourth errtixxjiment of the disper- 
sion-compensating fiber according to the present Inven- 
tion will be explained with reference to Rg. 18. Here, 
Fig. 18 is a chart showing the refractive index profile of 
the fourth embodiment, in which regions lOd. 20d. 30d. 
and 40d respectively correspond to the regions 10, 20. 
30, and 40 in Fig. 2. Accordingly, the horizontal axis of 
the refractive index profile shown in Fig. 18 denotes the 
positions on the line L1 in the fiber cross section of Fig, 
2. Also, the vertical axis of the refractive index profile 
indicates the relative index difference with reference to 
pure silica glass. 

The core 1 and the first to third claddings 2 to 4 in 
this embodiment are designed as follows: 

Core 1 : SiOg glass containing a predeter- 

mined amount of Ge02 (with 
increased refractive index). 

First dadding 2: SiOz glass containing a predeter- 
mined amount of fluorine (with 
reduced refractive index). 

Second cladding 3: SiOa glass containing a predeter- 
mined amount of chlorine (with 
increased refractive index), 
whereby the glass viscosity at the 
time of drawing is controlled so as 
to be lower than that of pure silica 



Third cladding 4: 



Si02 glass containing a predeter- 
mined amount of chlorine (with 
increased refractive index), 
whereby the glass viscosity at the 
time of drawing is controlled so as 
to be lower than that of pure silica 



The fourth embodiment structurally differs from the 
above-mentioned the third embodiment in terms of the 
impurity added to the third cladding 4. Namely. In the 
fourth embodiment, chlorine is added to each of the 
second and third claddings 3 and 4. In particular, In this 
case, when the glass viscosity of the second cladding 3 
and that of the third cladding 4 at the time of drawing are 
made to coincide with each other (doping amounts of 
chlorine in glass regions 3 and 4 are made to coincide 
with each other), the process for fabricating the disper- 
sion-compensating fiber can be simplified. 

The inventors prepared dispersion-compensating 
fibers having the structure of the fourth embodiment 
(Fig. 18) under the following conditions. Specifically, a 
plurality of Wnds of fiber preforms were prepared under 
the condition where A+ « 2.1%, A* = - 0.35%, and AP = 
0.08%. while the value of AJ was changed among 0%. 
0.03%. 0.08%, and 0.7%. Then, with a tension of 9.8 
kg/mm^ at the time of drawing, each fiber preform was 
drawn with a constant drawing velocity, thereby fabricat- 
ing a dispersion-compensating fiber in which 2a = 2.7 



Jim, 2b a 7.7 jun. and 2c = 46 fun. With respect to light 
having a wavelength of 1 .55 )im. each of thus obtained 
disperslon-Gompensating fibers exhibited a dispersion 
characteristic such that the cfisperslon value was -101 
5 ps/km/hm and the dispersion slope was -0.3 
ps/km/hm^. 

Fig. 19 shows results of measurement of optical 
transmission loss with respect to light having a wave- 
length of 1 .55 |im for the respective dispersion-compen- 

10 sating fibers having the above-mentioned AJ values. 
From the graph shown in Fig. 19. it can be seen that the 
optical transmission loss decreases as the ratio of dop- 
ing amount of chlorine in the third cladding 4 increases 
(as the relative index difference AJ is larger). 

IS Here, the inventors have confirmed that the rela- 
tionship between the relative index difference AJ and 
the optical transmission loss in the above-mentioned 
samples of the second embodiment substantially coin- 
cides with the graph shown in Fig. 13. Also, the inven- 

20 tors have confirmed that the relationship between the 
relative index difference AJ and the optical transmission 
loss in the above-mentioned samples of the third 
embodiment substantially coincides with that in the 
graph shown in Fig. 19. 

25 As described above, in the dispersion-compensat- 
ing fiber according to the present Invention, the third 
clacfcling 4, which is a glass region substantially noncon- 
tributory to propagation of optical signals and whose 
glass viscosity at a predetermined tenperature is con- 

30 trolled so as to be lower than that of pure silica glass, is 
disposed outside of the second cladding 3. Accordingly, 
when drawing is to be performed, the fiber preform can 
be drawn at a lower temperature. Therefore, even in the 
case where a dispersion-compensating fiber of a type 

35 containing a high concentration of GeOg in the core 1 is 
to be fabricated, epical transmission loss can be further 
reduced. 

From the invention thus described. It will be obvious 
that the Invention may be varied in many ways. Such 
40 variattons are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi- 
fications as would be obvious to one skilled in the art 
are intended to be included within the scope of the fol- 
lowing claims. 

45 The basic Japanese Application No.223605 filed on 
August 31. 1995 is hereby Incorporated by reference. 

Claims 

50 1 . A dispersion-compensating f toer mainly composed 
of silica glass, said dispersion-compensating fiber 
comprising: 

a core portion containing at least 10 mol% of 
55 GeOa and having an outer diameter of 2 to 4 

^m and a predetermined refractive Index; and 
a cladding portion formed around an outer 
periphery of said core portion and having a 
refractive index set lower than that of said core 
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portion, said cladding portion comprising: 
a first cladding which is a glass region formed 
around the outer periphery of said core portion 
in dose contact therewith, said first cladding 
containing a predetermined amount of an s 
Impurity for reducing refractive index, having an 
outer diameter of 4 to 20 (im, and constituting a 
part of an optical cladding; 
a second cladding which is a glass region 
formed around an outer periphery of said first io 
cladding in dose contact therewith, said sec- 
ond cladding having a higher refractive index 
than said first cladding, and constituting said 
optical cladding together with said first clad- 
ding; and IS 
a third cladding which is a glass region formed 
around an outer periphery of said second clad- 
ding in close contact therewith, said third clad- 
ding having a lower glass viscosity than said 
second dadding at a predetermined tempera- 20 
ture. and constituting a physical cladding. 

A dispersion-compensating fiber according to daim 
1, wherein said first dadding contair^ a predeter- 
mined amount of fluorine as said impurity. ss 

A dispersion-compensating fiber according to claim 
1 . wherein said third dadding contains 0.1 wt% to 2 
wt% of fluorine. 

30 

A dispersion-compensating fiber according to claim 
1 . wherein said third dadding contains 0.25 wt% to 
1 wt% of chlorine. 



in dose contact therewith, said first cladding 
containing a predetermined amount of a first 
impurity for reducing refractive index, having an 
outer diameter of 4 fo 20 |im. and constituting a 
part of an optical dadding; 
a second cladding which is a glass region 
formed around an outer periphery of said first 
cladding in close contact therewith, said sec- 
ond dadding having a lower glass viscosity 
than pure silica glass at a predetermined tem- 
perature, and constituting said optical cladding 
together with said first dadding; and 
a third cladding which is a glass region formed 
around an outer periphery of said second clad- 
ding in dose contact therewith, said third clad- 
ding having a lower glass viscosity than pure 
silica glass at a predetermined temperature, 
and constituting a physical dadding. 

8. A dispersion-compensating fiber according to daim 
7. wherein the glass viscosity of said second clad- 
ding at the predetermined temperature and the 
glass viscosity of said third dadding at the predeter- 
mined temperature substantially coincide with each 
other. 

9. A dispersion-compensating fiber according to daim 
7, wherein said second cladding contains 0.25 wt% 
to 1 wt% of chlorine as said second impurity. 

1 0. A dispersion-compensating fiber according to daim 
7, wherein said first dadding contains a predeter- 
mined amount of fluorine as said first impurity. 



A dispersion-compensating fiber according to claim 3S 
1 , wherein said dispersion-compensating fiber has 
an optical transmission loss of not higher than 1 
dB/km with respect to light of 1.55-jim wavelength 
t)and. 

40 

A dispersion-compensating fiber according to claim 
1. wherein, with respect to light of 1.55-jim wave- 
lengtti band, said dispersion-compensating fiber 
has a dispersion value of not higher than -50 
ps/km/nm and a negative dispersion slope. 4S 

A dispersion-compensating fiber mainly composed 
of silica glass, said dispersion-compensating fiber 
conprising: 

so 

a core portion containing at least 10 mol% of 
Ge02 and having an outer diameter of 2 to 4 
|im and a predetermined refractive index; and 
a dadding portion formed around an outer 
periphery of said core portion and having a ss 
refractive index set lower than that of said core 
portion, said cladding portion comprising: 
a first cladding which is a glass region formed 
around the outer periphery of said core portion 



1 1 . A dispersion-compensating fiber according to daim 
7. wherein said third cladding contains 0.1 wt% to 2 
wt% of fluorine. 

12. A dispersion-compensating fiber according to daim 
7, wherein said third cladding contains 0.25 wt% to 
1 wt% of chlorine. 

1 3. A dispersion-compensating fiber according to daim 
7, wherein said dispersion-compensating fiber has 
an optical transmission loss of not higher than 1 
dB/km with respect to light of 1.55-jmi wavelengtii 
band. 

14. A dispersion-compensating fiber according to daim 
7, wherein, with respect to light of 1.55-fim wave- 
length band, said dispersion-compensating fiber 
has a dispersion value of not higher than -50 
ps/km/hm and a negative dispersion slope. 

15. A method of fabricating a dispersion-compensating 
fiber according to daim 1 , said method conprising 
the steps of: 

preparing a member mainly composed of silica 
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glass, said member comprising a core compo- 
nent containing at least 10 mol% of Ge02. a 
first cladding component which is provided 
around said core conrponent and contains an 
impurity for reducing refractive index, a second s 
cladding component which is provided around 
an outer periphery of said first cladding compo- 
nent and has a higher refractive index than said 
first cladding component, and a third cladding 
component which is provided around an outer io 
periphery of said second cladding component 
and has a lower glass viscosity than said sec- 
ond cladding component at a predetermined 
temperature; 

forming integrally said components so as to is 
yield a fiber preform; and 
drawing said fiber preform while applying a pre- 
determined tension thereto such that an outer 
diameter thereof becomes a desired diameter. 

16. A method according to daim 15. wherein the draw- 
ing tension applied to said fiber preform is 5 to 16 
kgAnm^. 

17. A method according to claim 15, wherein said first 
cladding component contains a predetermined 
amount of fluorine, 

18. A method according to claim 15, wherein said third 
cladding component contains 0.1 wt% to 2 wt% of 
fluorine. 

19. A method according to claim 15, wherein said third 
cladding component contains 0.25 wt% to 1 wt% of 
chlorine. 

20. A method of fabricating a dispersion-compensating 
fiber according to daim 7. said method comprising 
the steps of: 

preparing a member mainly composed of silica 
glass, said member comprising a core compo- 
nent containing at least 10 md% of Ge02, a 
first cladding component which is provided 
around said core component and contains an 
impurity for redudng refractive index, a second 
cladding component which is provided around 
an outer periphery of said first cladding compo- 
nent and has a lower glass viscosity than pure 
silica glass at a predetermined temperature, 
and a third cladding component which is pro- 
vided around an outer periphery of said second 
cladding component and has a lower glass vis- 
cosity than pure silica glass at a predetermined 
temperature; 

forming integrally said components so as to 
yield a fiber preform; and 
drawing said fiber preform while applying a pre- 
determined tension thereto such that an outer 



diameter thereof becomes a desired diameter. 

21. A method according to claim 20. wherein the draw- 
ing tension applied to said fiber prefomi is 5 to 16 
kg/mm^. 

22. A method according to claim 20. wherein the glass 
viscosity of said second cladding component at the 
predetermined temperature and the glass viscosity 
of said third cladding component at the predeter- 
mined temperature substantially coincide with each 
other. 

23. A method according to claim 20, wherein said sec- 
ond cladding component contains 0.25 wt% to 1 
wt% of chlorine. 

24. A method according to daim 20, wherein said first 
dadding component contains a predetermined 
amount of fluorine. 

25. A method according to claim 20. wherein said third 
dadding component contains 0.1 wl% to 2 wt% of 
fluorine. 

26. A method according to claim 20, wherein said third 
dadding component contains 0.25 wt% to 1 wt% of 
chlorine. 
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